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Assessment of runoff regulation function and its change in the Three Headwater

Region based on a historical reference system
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Abstract . By taking the vegetation map in the 1970s a reference ecosystem and using runoff volume and runoff coefficient as
the characteristic indexes of ecosystem runoff regulation function, a runoff regulation function evaluation model based on the
SWAT (Soil & Water Assessment Tool) model and a historical reference system was established. Then, the temporal and
spatial variation characteristics of runoff regulation function in the Three Headwater Region from 2000 to 2017 were
analyzed. Besides, the ratio of the reference runoff coefficient to the actual runoff coefficient was used as the runoff
coefficient quality index to describe the deviations of the actual ecosystem from the reference system, for further analysis of
the variation characteristics of runoff deviations between the reference ecosystem and the actual ecosystem. Results showed

that, between 2000 and 2017, the perennial average runoff and surface runoff were 495.15x10° m* and 96.64x10° m’, and
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the perennial average reference runoff and surface runoff were 468.37x 10° m’ and 68.60x 10° m’. Compared with the
reference ecosystem, the runoff storage capacity of ecosystem decreased, resulting in higher runoff and surface runoff.
Spatially, the runoff was high in the southeast and low in the northwest, but surface runoff was high in the west and low in
the east whether under the reference or actual ecosystems. In terms of the interannual change, we found a visible increase of
runoff, especially surface runoff under the actual ecosystem. The difference rate between the actual runoff and the reference
runoff ranged from 4% to 9%, and it showed a more pronounced deviation of 22% to 58% of surface runoff. Fro the runoff
coefficient quality index score, the average score of runoff coefficient quality index was 98.63, and the average score of
surface runoff coefficient quality index was 96.98 in 2000—2017 in the Three Headwater Region. Generally, both scores
showed a trend of first decreasing and then increasing, indicating a process of degradation and then recovery during this
period, and the change of surface runoff coefficient quality index was more obvious. The scores of runoff coefficient quality
index and surface runoff coefficient quality index varied greatly among regions, but the interannual changes were small, with
a change of —1.95% to 0.71%, and a change of —0.35% to 1.90%. By analyzing the temporal and spatial variation
characteristics of runoff regulation function based on a historical reference system, the comparison of runoff regulation
functions in different ecosystems at different times and in different regions was realized, which could provide support for

quantifying the process of ecosystem restoration.

Key Words: the Three Headwater Region; SWAT model ; runoff regulation function; reference system; ecosystem; runoff
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Fig.1 Spatial distribution of meteorological stations in the Three Headwater Region

TR X R R AR A% R e 20 22 70 AR P S AT ot P & e 7 20 tH4g 70 AEARH H—2000 4, 35 H B
J AR AR Y AR 2 4 BT 29.39% 35 2 B T0% Y KR B AL AR AL, o R4y
B4 ; BETR Sk 20 {H40 80—90 AFA MR 1L B A L 20 T2 70 AEACHE I T 1 £ bk, ASHF ST ER
BLEIAE 2 70 AR 1. 100 FHEgEEREE A SSRGS REZ , SEHEEEBRE H =ITEXNAES
EN ST I i B B N S o N 3 i o Ny e O 7 N e o [ 7 N = S e N TS
JE ) A B DK RS KA BREE AT I R 14 D T (1), 454 2000—2015 AEE B RS
RISt — 22 50 AR A B A DK RS Wb K AFIRR M 8 A~—Z 201,
222 RS RAE

SWAT #7232 [ A MV AV AT JR & 1) I 38R 43 A XK SCRE AR SWAT #5580 X6f i 388 /K SCHE 34 1ot
TR AR = A 5 30 1 A e AR AT Y e S R, 3 B A K o A e AL R AR I 2ROk SRR
R K PUASER A3, Horb b 2R 45 1 K SCS(Soil Conservation Service ) fHZREE T4, 28 L Z 1E T 2 BH 78
R AW ZE S T I 4y 78 % PR T 3l 3 WK 7 5L bR AR U 35 5 T I R KR K ZE R 4
o SR K REETA

BT 1970 4ELLRTR S BRI £, AT T 1970 4E LU B4 7K i A A B i 28088 5
Ko, BT E R . 1970 4R AR ZE mhill] | 1971—2000 4FAF AR 70 e A e i 250 % F L1156 Y
Zl L 2000—2017 45 AR A4S 5630 5 75 3k B0 10 0 LA 2000—2012 SR RUAS 56 30] . IR AN A 30K R %L
( Nash-Sutcliffe efficiency coefficient, NSE) AHXF1R2% (Re) FIPE REL(R?) 3 NEFRIEM ARG BE 2
223 R ARBTREIEE

PLZ BRAR I R A0S S PR AR I R AU LA E AR T R AU i A6 88, PPN LB A S R A TR R AES RS
PR IR D RE M I B 1 0, BT A = R

RA, ="
R,

http ; //www.ecologica.cn



9230 GO O 42 4
*1 ZIIBERESRELEBYS
Table 1 Classification of ecosystem types in the Three Headwater Region
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Table 2 Parameter results of the SWAT model for the Three Headwater Region

Rk KT B T YL SRR

Basin The Yangtze river The Yellow river The lancang river Parameter adjustment
CN, 5—20 5—20 5—20 7 X} AR Ak

ESCO 0.98 0.92 0.98 SEBREUE
SOW_AWC -0.02 0 -0.04 7 %o} AR Ak
GW_DELAY 31 120 365 SEBREUE
ALPHA_BF 0.048 0.048 0.013, 0.04 SePRERE

CH_K2 0—2 0 50 SEBRHEUE

CN, f2 3 28 224X Initial SCS runoff curve number for moisture condition 11; ESCO 4 3E7% & #M: R %L Soil evaporation compensation factor; SOL_
AWC 3R FH/K & Available water capacity of soil (mm/mm) ; ALPHA_BF 3£ o 2% Baseflow alpha factor (days) ; GW_DELAY #1F /K5 &
L Groundwater delay ( days) ; CH_K2 FEIiE AR F /K% Effective hydraulic conductivity in main channel alluvium ( mm/hr)

*3 AREREMSERITMNE

Table 3 Estimation of monthly runoff simulation results

H 38 I AT RICR R B NSE HIXFIRZE Re TE BB R
Period Station Nash-Sutcliffe efficiency coefficient Relative error Coefficient of determination
REW] Calibration HITE 0.83 0.93% 0.84
Wil 0.68 3.39% 0.69
EVNER 0.77 -3.56% 0.77
ik 0.8 4.55% 0.82
K363 Validation HITiE 0.84 -0.17% 0.87
Wil 0.72 3.87% 0.74
T 0.72 5.84% 0.77
ik 0.75 -10.33% 0.77
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Fig.2 The ecosystem map in the Three Headwater Region
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Fig.3 Changes of runoff under different scenarios in the Three Headwater Region
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Fig.4 Changes of surface runoff under different scenarios in the Three Headwater Region
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Fig.5 Spatial distribution of perennial average runoff under different scenarios in the Three Headwater Region
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Fig.6 Spatial distribution of perennial average surface runoff under different scenarios in the Three Headwater Region
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Fig.7 Changes of annual runoff coefficient under different scenarios in the Three Headwater Region
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Fig.8 Spatial distribution of perennial average runoff coefficient under different scenarios in the Three Headwater Region
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Fig.9 Spatial distribution of perennial average surface runoff coefficient under different scenarios in the Three Headwater Region
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Fig.10 Histogram of runoff and surface runoff coefficient under different scenarios in the Three Headwater Region
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Table 4 Scores of runoff coefficient and surface runoff coefficient quality index in the Three Headwater Region counties( town)

P R BT R AL HFAR I AR BT AR A
P37 Runoff coefficient quality index Surface runoff coefficient quality index
Name 1455 2000—2017 4F1953 75 1k 155y 2000—2017 4F1953 75 1k
2000 4F 2017 4F AL AL/ %o 2000 4E 2017 4F AL ALHE/ %

JLFn 97.73 98.42 0.69 0.71 96.01 97.45 1.44 1.50
Mg 99.16 99.39 0.23 0.23 97.37 97.03 -0.34 -0.35
aat] 98.93 98.55 -0.38 -0.38 98.42 98.10 -0.31 -0.32
s 99.76 99.01 -0.75 -0.76 98.82 98.54 -0.28 -0.28
[ 7 99.61 99.63 0.02 0.02 98.01 98.18 0.17 0.17
L 99.65 99.16 -0.49 -0.49 98.34 98.08 -0.26 -0.26
[F{= 98.76 98.74 -0.01 -0.01 97.43 97.34 -0.09 -0.09
PR 99.33 99.28 -0.05 -0.05 98.04 98.55 0.51 0.52
TR 99.98 99.95 -0.03 -0.03 99.09 99.20 0.11 0.11
nz 97.86 97.98 0.12 0.12 96.17 96.65 0.48 0.50
LRI 99.72 99.63 -0.10 -0.10 97.03 97.26 0.23 0.24
s 99.97 99.96 -0.01 -0.01 98.76 99.12 0.36 0.36
AR 99.95 99.96 0.02 0.02 97.40 99.21 1.82 1.86
*kH 99.85 99.88 0.03 0.03 97.05 98.89 1.84 1.90
Pr3y 99.96 99.97 0.01 0.01 97.33 98.54 1.21 1.25
NEE2 98.91 97.67 -1.24 -1.25 97.17 97.16 0.00 0.00
P2 99.33 97.39 -1.94 -1.95 97.51 97.55 0.04 0.04
HRRSE 98.55 98.00 -0.55 -0.56 96.44 96.53 0.09 0.09
iz 99.28 98.85 -0.44 -0.44 96.45 97.10 0.64 0.67
T 99.66 99.05 -0.61 -0.61 97.56 97.39 -0.17 -0.18
ik 99.88 99.43 -0.45 -0.45 96.37 96.57 0.19 0.20
JEnE Al 98.53 97.85 -0.67 -0.68 97.92 98.04 0.13 0.13
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